ABSTRACT. One hundred twenty Salmonella Enteritidis isolates collected from1992 to 2005 in Nagasaki prefecture (65 isolates from 40 outbreak cases, 44 from sporadic diarrhea patients, and 11 from chicken-related products) were investigated by their antibiotic susceptibility profiles, phage typing, and pulsed-field gel electrophoresis (PFGE) typing. Out of them, 18 were identified as lysine decarboxylase (LDC)-negative isolates, and 15 showed resistance toward streptomycin. Based on the PFGE typing, the isolates were classified into five clusters by UPGMA clustering method. Three LDC-negative isolates belonged to cluster A and were of phage type (PT) 4 and isolated between 2000 and 2004. Other 15 LDC-negative isolates belonged to cluster E. They were PT1, reacted but did not conform (RDNC), or untypable and were isolated between 2001 and 2004. LDC-negative isolates of the cluster A differed from LDC-negative isolates of the cluster E in antibiotic susceptibility profiles, phage typing, and PFGE typing. LDC-negative isolates of the cluster E were isolated after 2001 in Nagasaki prefecture. KEY WORDS: cluster analysis, epidemiology, lysine decarboxylase, PFGE, Salmonella Enteritidis.
Salmonella enterica serovar Enteritidis (S. Enteritidis) is the most common serovar that causes salmonellosis in humans. Since 1980s, there has been dramatic increase of salmonellosis in Europe and worldwide [2, 5, 12] . In Japan, S. Enteritidis has been the predominant serotype since 1989 [7, 10] . The most common reservoir for S. Enteritidis has been chickens [12] .
Lysine decarboxylase (LDC) activity is one of the most important criteria to identify Salmonella species. In recent years, however, isolates that lack this biochemical activity have been observed in S. Enteritidis isolates from foodborne outbreaks and cases of sporadic diarrhea in Japan [8] [9] [10] . Morita et al. [4] clarified the mechanism for this loss of LDC activity and suggested that these isolates have spread already throughout Japan. However, no nationwide epidemiological survey comparing LDC-negative and positive isolates has been reported yet.
In the present study, we performed an epidemiological survey of LDC-negative S. Enteritidis isolates in Nagasaki prefecture, Japan.
MATERIALS AND METHODS
Bacterial strains: S. Enteritidis isolates used in the present study were obtained from four sources: 65 isolates from 44 outbreaks, 44 from sporadic diarrhea patients, 10 from chicken eggs, and 1 from commercial chicken meat. One hundred twenty isolates examined were collected for the past 14 years from 1992 to 2005 in Nagasaki prefecture of Kyushu Island. The isolates were preserved in our laboratory and in municipal hospitals until use. The reference strains used for PFGE typing were S. Enteritidis strains GTC131 (Gifu University, Gifu, Japan) and NBRC 3313 (National Institute of Technology and Evaluation, Biological Resource Center, Kisarazu, Japan [1] . Antimicrobial agents used in this study were as follows; streptomycin (SM), chloramphenicol (CP), tetracycline (TC), kanamycin (KM), ampicillin (ABPC), nalidixic acid (NA), fosfomycin (FOM) and sulfamethoxazole-trimethoprim (ST).
Phage typing: Phage typing was performed by using the S. Enteritidis phage-typing scheme provided by Health Protection Agency (HPA) of the United Kingdom according to the method of Ward et al. [15] .
Clustering analysis based on PFGE: A total of 120 isolates were characterized by clustering analysis with PFGE, which was performed as previously described using the Salmonella Braenderup H9812 as DNA size standard strain [3, 11] , with the following modifications. Cells grown overnight at 35°C in 10 ml of brain heart infusion broth (Becton, Dickinson and Company, Sparks, MD, U.S.A.) were centrifuged and washed with 1 ml of sterilized phosphate-buffered saline (pH 7.2). The washed cell pellets were resuspended in 500 µl of sterilized and deionized distilled water. Plugs were prepared by adding the sample to 500 µl of 1% SeaKem Gold agarose gel (Cambrex Bio Science, Rockland, ME, U.S.A.). The mixtures were poured into 0.7 mm sample-plug casters and kept at 4°C. The plugs were then transferred to tubes containing 2 ml of 0.5M-EDTA solution (pH 8.0) containing 1 mg/ml of proteinase-K (Wako Pharmacia, Osaka, Japan) and 1% N-lauroylsarcosin (Sigma Aldrich, St. Louis, MO, U.S.A.). The plugs were incubated overnight at 50°C and washed three times in 1 ml of 1 × TE buffer for 30 min each. The plugs were incubated in 200 µl of 1 × restriction buffer (H buffer; Roche Diagnostics GmbH, Mannheim, Germany) for 30 min at 4°C to allow equilibration, followed by addition of 100 µl of restriction buffer containing 20 U of restriction enzyme Bln I (Roche Diagnostics GmbH, Mannheim, Germany), and digestion was performed overnight at 37°C. The plugs were placed in 1% SeaKem Gold agarose gel (dissolved in 0.5 × tris-borate-EDTA buffer). Digested DNA was separated with the following electrophoresis conditions: voltage, 6 V/ cm at 14°C for 19 hr; initial pulse, 2.2 s; final pulse, 63.8 s; angle, 120°. The run was developed in a CHEF DR-III (Bio-Rad Laboratories, Hercules, CA, U.S.A.) with 0.5 × tris-borate-EDTA buffer to which 50 µM thiourea was added. The gels were stained with ethidium bromide, and visualized with UV transilluminator.
Banding patterns were analyzed by the unweighted pairgroup method with arithmetic averages (UPGMA) using Lane Multi Screener for Windows version 3 (ATTO, Tokyo, Japan). Clusters were designated by genetic dissimilarity of 0.236 in this study.
RESULTS

Longitudinal study of LDC-negative S. Enteritidis isolates:
One hundred twenty strains of S. Enteritidis were collected from 1992 to 2005. Eighteen isolates (13 from outbreak cases and 5 from sporadic diarrhea patients) were LDC-negative. These LDC-negative isolates were found between 2000 and 2004 (Table 1) .
Antibiotic susceptibility profiles: Of the 120 isolates, 56 (46.7%) were sensitive to all the drugs tested, 51 (42.5%) were SM-resistant, 11 (9.2%) were resistant to ABPC and SM, 1 showed resistance to NA, and 1 was resistant to SM and TC. Of the 18 LDC-negative isolates, 15 showed SMresistance, and 3 were sensitive to all the drugs (Table 1 ). In addition, Fukuoka 101 and Okayama S-HC359 strains were sensitive to all the drugs.
Phage typing: The predominant phage type was PT4 (29.2%) and PT1 (27.4%) among the 113 isolates examined. The remaining 49 isolates were classified into 11 different phage types. LDC-negative isolates belonged to PT1, PT4, reacted but did not conform (RDNC), or untypable group (Table 2) .
Clustering analysis by PFGE: Based on the Bln I-PFGE typing, the 120 isolates were divided into five clusters, A, B, C, D, and E, which contained 57, 13, 5, 27 and 18 isolates, respectively (Fig. 1) . Of the 18 LDC-negative isolates, 3 belonged to the cluster A and 15 to the cluster E. Figure 2 showed major banding patterns of the electrophoresis in each clusters. Especially, cluster E showed every different pattern of the LDC-negative isolates. Banding pattern of the electrophoresis of the LDC-positive isolates in the cluster A (Spo11/4/94 strain) was similar to that of the reference strain GTC131. In contrast, the band pattern of the LDC-negative isolates (Out21a/4/00 and Out29/ 4/03 strains) in the cluster A differed from those of the LDC-positive strains. It was also largely different from those of the LDC-negative isolates in cluster E. In addition, the band pattern of these isolates in the cluster E varied from each other. Furthermore, the patterns of the clusters B, C and D differed from those of other LDC-negative isolates.
DISCUSSION
The numbers of S. Enteritidis food poisoning cases and sporadic diarrhea patients due to S. Enteritidis have decreased in Japan since 2000 [10] . It is thought that this decrease was due to the result of biosecurities taken in chicken farms and related facilities to prevent egg contamination against Salmonella [13] . In contrast, cases due to LDC-negative S. Enteritidis have been reported recently in western Japan, such as Kyoto City and Yamaguchi prefecture [8] [9] [10] . According to the report from the Yamaguchi prefecture, percentage of LDC-negative isolates from diarrhea patients have risen from 16.4% in 2002 to 71.3% in 2003, and finally to 100% in 2004 [9] . Much attention should be paid to epidemiology of the LDC-negative S. Enteritidis.
In our study, 18 strains out of the 120 isolates of S. Enteritidis were found to be LDC-negative. In phage typing, these LDC-negative isolates were divided into four groups: PT1, PT4, RDNC and untypable. The surveillance data on phage typing of S. Enteritidis outbreaks showed that PT4 was the most common phage type after 1990, PT1 was secondary after 1992, and RDNC have increased since 1997 in Japan [10] . In Nagasaki prefecture, 64 isolates (56.6%) were of the types PT4 and PT1. Moreover, 12 (10.0%) RDNC isolates were found in this research, with a tendency. Although the type PT14b has increased in western Japan, Kobe city [6] , Kyoto city [8] , and Yamaguchi prefecture [10] , this type was not detected in Nagasaki prefecture.
The analysis of LDC-negative isolates for drug resistance, phage type, and cluster analysis by PFGE showed that they did not belong to a single group. Therefore, it is suggested that the LDC-negative strains isolated in Nagasaki prefecture may have different origins.
Although three LDC-negative (PT4) strains isolated in Nagasaki between 2000 and 2003 belonged to the cluster A, the epidemiological survey demonstrated that these were isolated from travelers who visited to Honshu Island. Additionally, the drug resistance patterns and PFGE electrophoresis were the same as those of the Honshu Island associated strains Fukuoka 101 (PT4) and Okayama S-HC359 (PT14b) (see Fig. 2 ). Morita et al. showed the PFGE profiles of LDC-negative 10 strains, of which isolation areas in Japan were not reported [4] . The four PT4 and four PT14b strains were isolated from Honshu Island, the one PT4 strain was isolated in Fukuoka prefecture, and the remaining one PT1 strain was isolated in Nagasaki prefecture, which was identical to the Out36/RDNC/04 strain of cluster E in this study (personal communication from Dr. H. Izumiya of National Institute of Infectious Diseases). The nine among 10 strains reported by Morita et al. [4] showed similar PFGE patterns to our three LDC-negative PT4 strains which belong to the cluster A in this study. These three LDC-negative isolates from two cases belonging to the cluster A are likely to have originated from Honshu Island. Moreover, of the LDC-negative isolates belonging to the cluster E, five isolates were PT1, seven were RDNC, and three were untypable; these were isolated from 2001 to 2004. These 15 LDC-negative isolates were SM-resistant. Their PFGE electrophoresis patterns differed largely from the LDC-negative isolates that preserved to be in Honshu Island. It was speculated that these isolates belonged to different groups. LDC-negative isolates of the cluster E appeared to be "category of closely related" in accordance with criteria of Tenovar et al. [14] ; however, these could be different group since they showed three different phage typing patterns. The LDC-negative S. Enteritidis were isolated after 2000 in Japan [8] [9] [10] , although their routes of infection have not yet been clarified. However, our results showed that their some differences in epidemiological markers between LDCnegative isolates from Honshu Island and those from Nagasaki prefecture. It will be necessary to initiate a more extensive nationwide epidemiological investigation to clarify the distribution of the LDC-negative strains, and prevent their food poisoning as well as those by LDC-positive S. : negative to lysine decarboxylase, Out: outbreak case, Spo: sporadic patient, Ce: chicken egg, Cm: chicken meat, RDNC: reacted but did not conform, UT: untypable. Strain no.: case no. in each sources/phage type/isolation year.
Enteritidis.
